Background: Whether use of ultrasound (USG) to cannulate dorsalis pedis artery (DPA) increases first pass successful cannulation, decreases the number of attempts and complications as compared to palpation technique was assessed in this study.
Introduction
Intra-arterial cannulation enables beat-to-beat blood pressure monitoring, assessment of fluid responsiveness, and
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This is an open access journal, and articles are distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon the work non-commercially, as long as appropriate credit is given and the new creations are licensed under the identical terms. frequent blood sampling in the intraoperative period as well as in the intensive care unit. Different sites can be chosen for arterial cannulation, such as the radial, posterior tibial, femoral, brachial, axillary, ulnar, dorsalis pedis, and temporal arteries; [1] all of these have some specific advantages and disadvantages. Traditional arterial cannulation uses the landmark technique by palpating the arterial pulse. The palpation technique needs an experienced physician. Multiple attempts can cause arterial spasms and hematoma. [2] In a study comparing radial and dorsalis pedis artery (DPA) complication rates using traditional palpation techniques, the rates of serious complications were similar for both sites of arterial catheterization. In patients, where radial artery is not felt or in the head and neck surgery cases DPA is cannulated. However, there was a 12.7% lower rate of success when placing DPA catheters. [3] There is no study till date in which palpatory method of DPA cannulation is compared with ultrasound (USG)-guided DPA cannulation in adult population. We hypothesized that using USG to cannulate DPA will help in first pass successful cannulation, decreasing the number of attempts for successful cannulation, and decreasing the complication as it does for radial artery cannulation.
Methods
This randomized clinical trial was conducted in a tertiary care teaching hospital in India. After approval from the institutional ethics committee, n = 60 adult patients (aged between 18-65 years) of either sex undergoing any head-neck surgery or faciomaxillary surgery requiring arterial cannulation were recruited in this randomized controlled trial. This trial was registered at the National Clinical Trial Registry of India 
Sample size estimation
No study has been done to compare the first-attempt success to cannulate DPA and number of attempts to cannulate DPA by in-plane USG and palpation technique. In this present study, 30 patients in each group (n = 60) were recruited on pilot basis. We have chosen n = 30 patients in each group so that normality tests are valid in the population.
Study protocol
Randomization sequence was generated by a web-based randomization program (www.randomizer.org) and it was kept inside serially numbered opaque-sealed envelope. Sealed envelopes were opened to reveal allocation just before the DPA cannulation.
After induction of general anesthesia using a standard protocol, all aseptic precautions were exercised and a 20G arterial cannula (BD) percutaneously punctured the DPA either by the palpation technique at dorsal most prominence of the navicular bone [4] or by the USG-guided technique using a vascular transducer small footprint (8-13 MHz) and a two-dimensional M-Turbo ultrasound system (SonoSite, Inc, Bothell, WA). For USG-guided artery cannulation DPA was imaged in short axis at the point of bifurcation of DPA and then USG probe was adjusted to bring DPA in long-axis view [ Figure 1 ]. The needle was inserted by in-plane technique in real time [ Figure 2 ]. The assessment time (T1) was defined as "time between start of palpation/screening of artery to skin puncture by needle" and cannulation time (T2) was defined as "time between the initial needle penetration through the skin to successful cannulation of artery." The successful arterial cannulation was defined as "removal of the metal needle/stylet and continuation of a flash of arterial blood." Failure was defined as "failure of successful cannulation after three attempts." In both cases, crossover with technique was tried for one more attempt before abandoning the procedure. Cannulation attempts were quantified as "the numbers of needle tips completely withdrawn from the skin." The success rate was defined as "successful cannulation of the DPA in three attempts or fewer." After successful cannulation, USG was used to measure the diameter of the artery in cross section in both the groups. All the cannulations were performed by a single investigator (Rahul Kumar Anand) who had experience of >50 DPA cannulations using each technique to minimize inter-individual variability in skills. Outcome data Primary outcome of this study is the "first-attempt success" of cannulation. Secondary outcomes are: number of attempts to cannulate, screening time, cannulation time, cannulation failure, incidence of complications (digital ischemia, hemorrhage, thrombosis, and hematoma formation). Primary and secondary outcome data were collected by an unblinded anesthesiologist who were not a part of this study. 
Statistical analysis
Shapiro-Wilk normality test was conducted to identify normally distributed variables. Normally distributed continuous variables (such as age, body weight, and height) were expressed as mean and standard deviation (SD) and non-normally distributed variables and categorical variables (such as cannulation time, total procedure time, and number of attempts to
Results
Baseline demographic variables were comparable in both the groups [ Table 1 ]. Successful first pass DPA cannulation was 76.7% in USG group (23 of 30 patients) and 60% (18 of 30 patients) in palpation group, and it was statistically similar [relative risk (95% confidence interval (CI) = 0.69 (0.43, 1.13), P = 0.267; Chi-square test)] [ Table 2 ]. Number of attempts required for successful DPA cannulation were also found to be statistically similar in between the two groups [median (IQR) number of attempts 1 (1-2) in palpation group and 1 (1-1); P = 0.376, Mann-Whitney U test) as was the requirement of alternative techniques (P > 0.99, Fisher's exact test). Median (IQR) assessment time was 12 (9-17 s) in palpation group, whereas it was 19 (15-21 s) in USG group which was significantly less (P = 0.0004). However, cannulation time was significantly higher in palpation group; [median (IQR) were 17.5 (12-36 s) and 11.5 (9-15 s), respectively, in palpation and USG group; P = 0.009]. Although the total procedure time (sum of both assessment time and cannulation time) remain statistically similar between two groups (P = 0.8882, Mann-Whitney U test). Complications were not noticed in any of the two groups. There was no correlation in gender and successful first pass cannulation. Crossover was done in three patients (one patient in USG group U and two patients in palpation group), successful cannulation was there in one patient of palpation group and in rest of the two patients procedure was abandoned.
Discussion
In this study, we have found that the use of USG for the cannulation of DPA is feasible although it is neither associated with significant increase in first attempt success rate as compared to palpation technique nor it is associated with significant decrease in total number of cannulation attempts or total procedure time.
The DPA represents the continuation of the anterior tibial artery distal to the level of the ankle joint. The use of dynamic two-dimensional (2D) USG guidance for radial artery catheterization decreases first-attempt failure, mean attempts to success, mean time to success, and the occurrence of hematoma formations. Dynamic 2D USG guidance is recommended as an aid to radial arterial catheterization. [5] However, the data about use of USG for cannulation of DPA are lacking. The non-superiority of USG for the cannulation of DPA may be because of its anatomical position and the fact that it is difficult to bring DPA to horizontal frame during assessment, which is evident by the fact that the assessment time was significantly higher in Group U. Moreover, although the DPA cannulations were performed by anesthesiologist who had experience of >50 USG-guided radial artery cannulation; he was far more experienced in palpation technique for the same. Palpation is a generic skill that all anesthesiologists develop while training as medical students. Though the results were not clinically significant, there was 17% higher rate of first-pass successful cannulation in USG group as compared to palpation group. In radial artery cannulation USG is associated with a 14-28% increase in first-pass success. [6, 7] So, the results of the study are encouraging and further studies using larger sample size of or using trainee anesthesiologist who are not so experienced in palpation technique may yield better results in favor of USG group.
We have found that cannulation time was lower with use of USG, but wide CI in median difference limits its clinical utility. A higher assessment time in USG resulted similar total procedure time between two groups. USG might be particularly useful for the Seldinger cannulation method, which was not the default choice in our study as a guidewire can increase the rate of cannulation following arterial puncture, particularly for inexperienced personnel. [8] Our results cannot be generalized to children, in whom any advantage of USG for arterial cannulation might be dependent on age. [9, 10] Conclusion USG-guided DPA cannulation is feasible in adults, although it is not associated with higher first pass successful cannulation, decrease in the number of attempts to successful cannulation, and total procedure time. Further randomized control trial with adequate sample size may be contributory.
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